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Description 

[0001] The present invention relates to methods for 
administration of substances into the intradermal layer 
of sl<in. 

[0002] The importance of efficiently and safely admin- 
istering pharmaceutical substances such as diagnostic 
agents and drugs has long been recognized. Although 
an important consideration for all phannaceutical sub- 
stances, obtaining adequate bioavailability of large mol- 
ecules such as proteins that have arisen out of the bio- 
technology industry has recently highlighted this need to 
obtain efficient and reproducible absorption (Cleland et 
al., Curr. Opin. Biotechnol. 12: 212-219, 2001). The use 
of conventional needles has long provided one approach 
for delivering pharmaceutical substances to humans and 
animals by administration through the skin. Considerable 
effort has been made to achieve reproducible and effi- 
cacious delivery through the sl<in while improving the 
ease of injection and reducing patient apprehension 
and/or pain associated with conventional needles. Fur- 
thermore, certain delivery systems eliminate needles en- 
tirely, and rely upon chemical mediators or external driv- 
ing forces such as iontophoretic currents or electropora- 
tion or thennal poration or sonophoresis to breach the 
stratum corneum, the outermost layer of the skin, and 
deliver substances through the surface of the skin. How- 
ever, such delivery systems do not reproducibly breach 
the skin barriers or deliverthe pharmaceutical substance 
to a given depth below the surface of the skin and con- 
sequently, clinical results can be variable. Thus, mechan- 
teal breach of the stratum corneum such as with needles, 
is believed to provide the most reproducible method of 
administration of substances through the, surface of the 
skin, and to provide control and reliability in placement 
of administered substances. 

[0003] Approaches for delivering substances beneath 
the surface of the skin have almost exclusively involved 
transdermal administration, i.e. delivery of substances 
through the skin to a site beneath the skin. Transdermal 
delivery includes subcutaneous, intramuscular or intra- 
venous routes of administration of which, intramuscular 
(IM) and subcutaneous (SC) injections have been the 

[0004] Anatomically, the outer surface of the body is 
made up of two major tissue layers, an outer epidemiis 
and an underlying dermis, which together constitute the 
skin (for review, see Physiology, Biochemistry, and Mo- 
lecular Biology of the Skin, Second Edition, L.A. Gold- 
smith, Ed., Oxford University Press, New York, 1991). 
The epidemiis is subdivided into five layers or strata of 
a total thickness of between 75 and 150 ^m. Beneath 
the epidennis lies the dermis, which contains two layers, 
an outermost portion referred to at the papillary dennis 
and a deeper layer referred to as the reticular dermis. 
The papillary dennis contains vast microcirculatory blood 
and lymphatic plexuses. In contrast, the reticular dennis 
is relatively acellular and avascular and made up of dense 



collagenous and elastic connective tissue. Beneath the 
epidemiis and dermis is the subcutaneous tissue, also 
referred to as the hypodemnis, which is composed of con- 
nective tissue and fatty tissue. Muscle tissue lies beneath 

5 the subcutaneous tissue. 

[0005] As noted above, both the subcutaneous tissue 
and muscle tissue have been commonly used as sites 
for administration of pharmaceutical substances. The 
dermis, however, has rarely been targeted as a site for 

'0 administration of substances, and this may be due, at 
least in part, to the difficulty of precise needle placement 
into the intradennal space. Furthemiore, even though 
the dermis, in particular, the papillary dermis has been 
known to have a high degree of vascularity, it has not 

'5 heretofore been appreciated that one could take advan- 
tage of this high degree of vascularity to obtain an im- 
proved absorption profile for administered substances 
compared to subcutaneous administration. This is be- 
cause small drug molecules are typically rapidly ab- 

20 sorbed after administration into the subcutaneous tissue 
which has been far more easily and predictably targeted 
than the dermis has been. On the other hand, large mol- 
ecules such as proteins are typically not well absorbed 
through the capillary epithelium regardless of the degree 

25 of vascularity so that one would not have expected to 
achieve a significant absorption advantage over subcu- 
taneous administration by the more difficult to achieve 
intradermal administration even for large molecules. 
[0006] One approach to administration beneath the 

30 surface to the skin and into the region of the intradennal 
space has been routinely used in the Mantoux tuberculin 
test. In this procedure, a purified protein derivative is in- 
jected at a shallow angle to the skin surface using a 27 
or 30 gauge needle (Flynn et al. Chest 106: 1463-5, 

35 1 994). A degree of uncertainty in placement of the injec- 
tion can, however, result in some false negative test re- 
sults. Moreover, the test has involved a localized injection 
to elicit a response at the site of injection and the Mantoux 
approach has not led to the use of intradennal injection 

40 for systemic administration of substances. 

[0007] Some groups have reported on systemic ad- 
ministration by what has been characterized as "intra- 
dermal" injection. In one such report, a comparison study 
of subcutaneous and what was described as "intrader- 

« mal" injection was perfomied (Autret et al, Therapie 46: 
5-8, 1991). The phannaceutical substance tested was 
calcitonin, a protein of a molecular weight of about 3600. 
Although it was stated that the drug was injected intra- 
dermally, the injections used a 4 mm needle pushed up 

50 to the base at an angle of 60. This would have resulted 
in placement of the injectate at a depth of about 3.5 mm 
and into the lower portion of the reticular dennis or into 
the subcutaneous tissue ratherthan into the vascularized 
papillary dennis. If, in fact, this group injected into the 

55 lower portion of the rettoular dennis rather than into the 
subcutaneous tissue, it would be expected that the sub- 
stance would either be slowly absorbed in the relatively 
less vascular reticular dermis or diffuse into the subcu- 
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taneous region to result in what would be functionally the 
same as subcutaneous adnninlstration and absorption. 
Such actual or functional subcutaneous administration 
would explain the reported lack of difference between 
subcutaneous and what was characterized as intrader- 
mal administration, in the times at which maximum plas- 
ma concentration was reached, the concentrations at 
each assay time and the areas under the curves. 
[0008] Similarly, Bressolle et al. administered sodium 
ceftazidime in what was characterized as "intradermal" 
injection using a 4 mm needle (Bressolle et al. J. Pharm. 
Sci. 82:1175-1178, 1993). This would have resulted in 
injection to a depth of 4 mm below the skin surface to 
produce actual or functional subcutaneous Injection, al- 
though good subcutaneous absorption would have been 
anticipated in this instance because sodium ceftazidime 
is hydrophilic and of relatively low molecular weight. 
[0009] Another group reported on what was described 
as an intradermal drug delivery device (U.S. Patent No. 
5,007,501). Injection was indicated to be at a slow rate 
and the injection site was intended to be in some region 
below the epidemils, i.e, the interface between the epi- 
dennis and the derniis or the interior of the demnis or 
subcutaneous tissue. This reference, however, provided 
no teachings that would suggest a selective administra- 
tion into the dennis nor did the reference suggest any 
possible phannacokinetic advantage that might result 
from such selective administration. 
United States Patent No. 5,848,991 describes devices 
for the controlled delivery of drugs to a limited depth in 
the skin con-esponding to about 0.3-3.0 mm and suggests 
that such devices are useful for delivery of a variety of 
drugs, including hormones. 

[0010] Thus there remains a continuing need for effi- 
cient and safe methods and devices for administration 
of pharmaceutical substances. 
[001 1 ] The present disclosure relates to a use involv- 
ing a new parenthal administration method based on di- 
rectly targeting the dermal space whereby such method 
dramatically alters the pharmacokinetics (PK) and phar- 
macodynamics (PD) parameters of administered sub- 
stances. By the use of direct intradennal (ID) administra- 
tion means hereafter refen-ed to as dermal-access 
means, for example, using microneedle-based injection 
and infusion systems (or othermeans to accurately target 
the intradennal space), the phannacokinetics of many 
substances including drugs and diagnostic substances, 
which are especially protein and peptide honnones, can 
be altered when compared to traditional parental admin- 
istration routes of subcutaneous and intravenous deliv- 
ery. These findings are pertinent not to microdevice- 
based injection means, but other delivery methods such 
as needless or needle-free ballistic injection of fluids or 
powders into the ID space, Mantoux-type ID injection, 
enhanced iontophoresis through microdevices and direct 
deposition of fluid, solids, or other dosing forms into the 
skin. Disclosed is a method to increase the rate of uptake 
for parenterally-administrated drugs without necessitat- 



ing IV access. One significant beneficial effect of this de- 
livery method is providing a shorterT„;m.(time to achieve 
maximum blood concentration of the drug). Potential cor- 
ollary benefits include higher maximum concentrations 

5 for a given unit dose (C^g^), higher bioavailability, more 
rapid uptake rates, more rapid onset of pharmacodynam- 
ics or biological effects, and reduced drug depot effects. 
According to the present invention, improved phanna- 
cokinetics means increased bioavailability, decreased 

'0 lag time (T|j,g), decreased T^g^, more rapid absorption 
rates, more rapid onset and/or increased C^^^ for a given 
amount of compound administered, compared to subcu- 
taneous, intramuscular or other non-1 V parenteral means 
of drug delivery. 

'5 [0012] By bioavailability is meant the total amount of 
a given dosage that reached the blood compartment. 
This is generally measured as the area under the curve 
in a plot of concentration vs. time. By "lag time" is meant 
the delay between the administration of a compound and 

20 time to measurable or detectable blood orplasma levels. 
T^ax is a value representing the time to achieve maximal 
blood concentration of the compound, and C^^ is the 
maximum blood concentration reached with a given dose 
and administration method. The time for onset is a tune- 
rs tion of T|ag, Tn,ax and C„^^, as all of these parameters 
influence the time necessary to achieve a blood (or target 
tissue) concentration necessary to realize a biological 
effect. T^a^ and C^^a^ can be determined by visual in- 
spection of graphical results and can often provide suf- 

30 ficient information to compare two methods of adminis- 
tration of a compound. However, numerical values can 
be determined more precisely by analysis using kinetic 
models (as described below) and/or other means known 
to those of skill in the art. 

35 [0013] Directly targeting the demnal space as taught 
by the invention provides more rapid onset of effects of 
drugs and diagnostic substances. The inventors have 
found that substances can be rapidly absorbed and sys- 
temically distributed via controlled ID administration that 

40 selectively accesses the dermal vascular and lymphatic 
microcapillaries, thus the substances may exert their 
beneficial effects more rapidly than SC administration. 
This has special significance for drugs requiring rapid 
onset, such as insulin to decrease blood glucose, pain 

•*5 relief such as for breakthrough cancer pain, or migraine 
relief, or emergency rescue drugs such as adrenaline or 
anti-venom. Natural honnones are also released in pul- 
satile fashion with a rapid onset burst followed by rapid 
clearance. Examples include insulin that is released in 

50 response to biological stimulus, for example high glucose 
levels. Another example is female reproductive hor- 
mones, which are released at time intervals in pulsatile 
fashion. Human growth hormone is also released in nor- 
mal patients in a pulsatile fashion during sleep. This ben- 

55 efit allows better therapy by mimicking the natural body 
rhythms with synthetic drug compounds. Likewise, it may 
betterf acilitate some current therapies such as blood glu- 
cose control via insulin delivery. Many current attempts 



5 EP 1 296 740 B1 



at preparing "closed loop" insulin pumps are hindered by 
the delay period between adnfilnistering the insulin and 
waiting for the biological effect to occur. This makes it 
difficult to ascertain in real-time whether sufficient insulin 
has been given, without overtitrating and risl<ing hypogly- 
cemia. The more rapid PK/PD of ID delivery eliminates 
much of this type of problem. 

[0014] Mammalian skin contains two layers, as dis- 
cussed above, specifically, the epidenmis and dermis. 
The epidennis is made up of five layers, the stratum cor- 
neum, the stratum lucidum, the stratum granulosum, the 
stratum spinosum and the stratum germinativum and the 
dermis is made up of two layers, the upper papillary der- 
mis and the deeper reticular dennis. The thickness of the 
demais and epidemnis varies from Individual to individual, 
and within an individual, at different locations on the body. 
For example, it has been reported that the epidermis var- 
ies in thickness from about 40 to about 90 nm and the 
dermis varies in thickness ranging from just below the 
epidermis to a depth of from less than 1 mm in some 
regions of the body to just under 2 to about 4 mm in other 
regions of the body depending upon the particular study 
report (Hwang et al., Ann Plastic Surg 46:327-331 , 2001 ; 
Southwood, Plast. Reconstr. Surg 15:423-429, 1955; 
Rushmer et al.. Science 154:343-348, 1966). 
[0015] As used herein, Intradennal is intended to mean 
administration of a substance into the dermis in such a 
manner that thesubstance readily reaches the richly vas- 
cularized papillary dennis and is rapidly absorbed into 
the blood capillaries and/or lymphatic vessels to become 
systemically bioavailable. Such can result from place- 
ment of the substance in the upper region of the dennis, 
i.e. the papillary dennis or in the upper portion of the 
relatively less vascular reticular dermis such that the sub- 
stance readily diffuses into the papillary dermis. It is be- 
lieved that placement of a substance predominately at a 
depth of at least about 0.3 mm, more preferably, at least 
about 0.4 mm and most preferably at least about 0.5 mm 
up to a depth of no more than about 2.5 mm, more pref- 
erably, no more than about 2.0 mm and most preferably 
no more than about 1 .7 mm will result in rapid absorption 
of macromolecular and/or hydrophobic substances. 
Placement of the substance predominately at greater 
depths and/or into the lower portion of the reticular dennis 
is believed to result in the substance being slowly ab- 
sorbed in the less vascular reticular dennis or in the sub- 
cutaneous region either of which would result in reduced 
absorption of macromolecular and/or hydrophobic sub- 
stances. The controlled delivery of a substance in this 
dermal space below the papillary dermis in the reticular 
dermis, but sufficiently above the interface between the 
dermis and the subcutaneous tissue, should enable an 
efficient (outward) migration of the substance to the (un- 
disturbed) vascular and lymphatic microcapillary bed (in 
the papillary dennis), where it can be absorbed into sys- 
temic circulation via these microcapillaries without being 
sequestered in transit by any other cutaneous tissue 
compartment. 
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[0016] Another benefit of the invention is to achieve 
more rapid systemic distribution and offset of drugs or 
diagnostic agents. This is also pertinent for many hor- 
mones that in the body are secreted in a pulsatile fashion. 

5 Many side effects are associated with having continuous 
circulating levels of substances administered. A very per- 
tinent example is female reproductive honnones that ac- 
tually have the opposite effect (cause infertility) when 
continuously present in the blood. Likewise, continuous 

'0 and elevated levels of insulin are suspected to down reg- 
ulate insulin receptors both in quantity and sensitivity. 
[0017] Another benefit of the invention is to achieve 
higher bioavailabilities of drugs or diagnostic agents. This 
effect has been most dramatic for ID administration of 

'5 high molecular weight substances, especially proteins, 
peptides, and polysaccharides. The direct benefit is that 
ID administration with enhanced bioavailability, allows 
equivalent biological effects while using less active 
agent. This results in direct economic benefit to the drug 

20 manufacturer and perhaps consumer, especially for ex- 
pensive protein therapeutics and diagnostics. Likewise, 
higher bioavailability may allow reduced overall dosing 
and decrease the patient's side effects associated with 
higher dosing. 

25 [0018] Another benefit of the invention is the attain- 
ment of higher maximum concentrations of drugs or di- 
agnostic substances. The inventors have found that sub- 
stances administered ID are absorbed more rapidly, with 
bolus administration resulting in higher initial concentra- 
30 tions. This is most beneficial for substances whose effi- 
cacy is related to maximal concentration. The more rapid 
onset allows higher C^a^ values to be reached with lesser 
amounts of the substance. Therefore, the dose can be 
reduced, providing an economic benefit, as well as a 
35 physiological benefit since lesser amounts of the drug or 
diagnostic agent has to be cleared by the body. 
[001 9] Another benefit of the invention is no change in 
systemte elimination rates or intrinsic clearance mecha- 
nisms of drugs or diagnostic agents. All studies to date 
by the applicants have maintained the same systemic 
elimination rate for the substances tested as via IV orSC 
dosing routes. This indicates this dosing route has no 
change in the biological mechanism for systemic clear- 
ance. This is an advantageous from a regulatory stand- 
45 point, since degradation and clearance pathways need 
not be reinvestigated prior to filing for FDA approval. This 
is also beneficial from a phannacokinetics standpoint, 
since it allows predictability of dosing regimes. Some 
substances may be eliminated from the body more rap- 
so idly if their clearance mechanism are concentration de- 
pendent. Since ID delivery results in higher Cmax, clear- 
ance rate may be increased, although the intrinsic mech- 
anism remains unchanged. 

[0020] Another benefit of the invention is no change in 
55 pharmacodynamic mechanism or biological response 
mechanism. As stated above, administered drugs by the 
methods taught by the applicants still exert their effects 
by the same biological pathways that are intrinsic to other 
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delivery means. Any pharmacodynamic changes are re- 
lated only to the difference patterns of appearance, dis- 
appearance, and dmg or diagnostic agent concentra- 
tions present in the biological system. 
[0021] Using the methods of the present invention, 
pharmaceutical compounds may be administered as a 
bolus, or by infusion. As used herein, the term "bolus" is 
intended to mean an amount that is delivered within a 
time period of less than ten (10) minutes. "Infusion" is 
intended to mean the delivery of a substance over a time 
period greater than ten (1 0) minutes It is understood that 
bolus administration or delivery can be carried out with 
rate controlling means, for example a pump, or have no 
specific rate controlling means, for example user self in- 
jection. 

[0022] Another benefit of the invention is removal of 
the physical or kinetic barriers invoked when dmgs pass- 
es through and becomes trapped in cutaneous tissue 
compartments prior to systemic absorption. Elimination 
of such ban-iers leads to an extremely broad applicability 
to various dnjg classes. Many drugs administered sub- 
cutaneously exert this depot effect - that is, the drug is 
slowly released from the SC space, in which it is trapped, 
as the rate detennining step priorto systemic absorption, 
due to affinity for or slow diffusion through the fatty adi- 
pose tissue. This depot effect results in a lower C^^^ and 
longer Tn,a^, compared to ID, and can result in high inter- 
individual variability of absorption. This effect is also per- 
tinent for comparison to transdennal delivery methods 
including passive patch technology, with or without per- 
meation enhances, iontophoretic technology, sonopher- 
esis, or stratum comeum ablation or disruptive methods. 
Transdermal patch technology relies on drug partitioning 
through the highly impermeable stratum comeum and 
epidennal barriers. Few dmgs except highly lipophilic 
compounds can breach this ban-ier, and those that do, 
often exhibit extended offset kinetics due to tissue satu- 
ration and entrappment of the drugs. Active transdermal 
means, while often faster than passive transfer means, 
are still restricted to compound classes that can be 
moved by charge repulsion or other electronic or elec- 
trostatic means, or earned passively through the transient 
pores caused by cavitation of the tissue during applica- 
tion of sound waves. The stratum corneum and epidennis 
still provide effective means for inhibiting this transport. 
Stratum comeum removal by thermal or laser ablation, 
abrasive means or othenwise, still lacks a driving force 
to facilitate penetration or uptake of dmgs. Direct ID ad- 
ministration by mechanical means overcomes the kinetic 
barrier properties of skin, and is not limited by the phar- 
maceutical or physicochemical properties of the drug or 
its fonnulation excipients. 

[0023] Another benefit of the invention is highly con- 
trollable dosing regimens. The applicants have deter- 
mined that ID infusion studies have demonstrated dosing 
profiles that are highly controllable and predictable due 
to the rapid onset and offset kinetics of drugs or diagnos- 
tic agents delivered by this route. This allows almost ab- 



solute control over the desired dosing regimen when ID 
delivery is coupled with a fluid control means or other 
control system to regulate metering of the drug or diag- 
nostic agent into the body. This single benefit alone is 
5 one of the principal goals of most dmg or diagnostic agent 
delivery methods. Bolus ID substance administration as 
defined previously results in kinetics most similar to IV 
injection and is most desirable for pain relieving com- 
pounds, mealtime insulin, rescue drugs, erectile dysfunc- 

'0 tion compounds, or other drugs that require rapid onset. 
Also included would be combinations of substances ca- 
pable of acting alone or synergistically. Extending the ID 
administration duration via infusion can effectively mimic 
SC uptake parameters, but with better predictability. This 

'5 profile is particularly good for substances such as growth 
hormones, or analgesics. Longer duration infusion, typ- 
ically at lower infusion rates can result in continuous low 
basal levels of drugs that is desired for anticoagulants, 
basal insulin, andchronic pain therapy. These kineticpro- 

20 files can be combined in multiple fashion to exhibit almost 
any kinetic profile desired. An example would be to pul- 
satile delivery of fertility homnone (LHRH) for pregnancy 
induction, which requires intermittent peaks every 90 
minutes with total clearance between pulses. Other ex- 

25 amples would be rapid peak onset of drugs for migraine 
relief, followed by lower levels for pain prophylaxis. 
[0024] Another benefit of the invention is reduced deg- 
radation of dmgs and diagnostic agents and/or undesir- 
able immunogenic activity. Transdermal methods using 

30 chemical enhancers or iontophoresis, or sonophoresis 
or electroporation or thennal poration require that a dmg 
pass through the viable epidennal layer, which has high 
metabolic and immunogenic activity. Metabolic conver- 
sion of substances in the epidennis or sequestration by 

35 immunoglobulins reduces the amount of drug available 
for absorption. The ID administration circumvents this 
problem by placing the dmg directly in the dermis, thus 
bypassing the epidermis entirely. 
[0025] These and other benefits of the invention are 

''0 achieved by directly targeting absorption by the papillary 
dermis and by controlled delivery of drugs, diagnostic 
agents, and othersubstances to the dennal space of skin. 
The inventors have found that by specifically targeting 
the intradennal space and controlling the rate and pattern 

'ts of delivery, the phannacokinetics exhibited by specific 
drugs can be unexpectedly improved, and can in many 
situations be varied with resulting clinical advantage. 
Such pharmacokenetics cannot be as readily obtained 
or controlled by other parenteral administration routes, 

50 except by IV access. 

[0026] The present invention improves the clinical util- 
ity of ID delivery of drugs, diagnostic agents, and other 
substances to humans or animals. The methods employ 
dermal-access means (for example a small gauge nee- 

55 die, especially microneedles), to directly target the intra- 
dermal space and to deliver substances to the intrader- 
mal space as a bolus or by infusion. It has been discov- 
ered that the placement of the dermal-access means 
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within the dermis provides for efficacious delivery and 
pharmacol<inetic control of active substances. The der- 
mal-access means is so designed as to prevent leakage 
of the substance from the skin and improve adsorption 
within the intradermal space. The pharmacokinetics of s 
honnone drugs delivered according to the methods of 
the invention have been found to be vastly different to 
the pharmacokinetics of conventional SC delivery of the 
drug, indicating that ID administration according to the 
methods of the invention will provide improved clinical 
results. Delivery devices that place the dermal-access 
means at an appropriate depth in the intradermal space 
and control the volume and rate of fluid delivery provide 
accurate delivery of the substance to the desired location 
without leakage. )5 
[0027] Disclosed is a method to increase the rate of 
uptake for parenterally-administered drugs without ne- 
cessitating IV access. This effect provides a shorter T^g,. 
Potential corollary benefits include higher maximum con- 
centrations for a given unit dose (C^^^), higher bioavail- 20 
ability, more rapid onset of pharmacodynamics or bio- 
logical effects, and reduced dmg depot effects. 
[0028] It has also been found that by appropriate depth 
control of the demnal-access means within the intrader- 
mal space that the pharmacokinetics of hormone drugs 2S 
delivered according to the methods of the invention can, 
if required, produce similar clinical results to that of con- 
ventional SC delivery of the drug. 
[0029] The pharmacokinetic profile for individual com- 
pounds will vary according to the chemical properties of so 
the compounds. For example, compounds that are rela- 
tively large, having a molecular weight of at least 1000 
Daltons as well as larger compounds of at least 2000 
Daltons, at least 4000 Daltons, at least 10,000 Daltons 
and larger and/or hydrophobic compounds are expected 35 
to show the most significant changes compared to tradi- 
tional parenteral methods of administration, such as in- 
tramuscular, subcutaneous or subdermal injection. It is 
expected that small hydrophilic substances, on the 
whole, will exhibit similar kinetics for ID delivery com- '>o 
pared to other methods. 

[0030] Figure 1 shows a time course of plasma insulin 
levels of intradermal versus subcutaneous bolus admin- 
istration of fast-acting. 

[0031] Figure 2 shows a time course of blood glucose « 
levels of intradermal versus subcutaneous bolus admin- 
istration of fast-acting insulin. 

[0032] Figure 3 shows acomparison of bolus ID dosing 
of fast-acting versus regular insulin. 
[0033] Figure 4 shows the effects of different intrader- so 
mal injection depths forbolus dosing of fast-acting insulin 
on the time course of insulin levels 
[0034] Figure 5 shows a comparison of the time course 
of insulin levels for bolus dosing of long-acting insulin 
administered subcutaneously or intradennally. ss 
[0035] Figure 6 and 7 show a comparison of the phar- 
macokinetic availability and the pharmacodynamic re- 
sults of granulocyte colony stimulating factor delivered 



740 B1 10 

intradermally with a single needle or three point needle 
array, subcutaneously, or intravenously. 
[0036] Figures 8, 9 and 1 0 show a comparison of low 
molecular weight heparin intradermal delivery by bolus, 
short duration, long duration infusion with comparison to 
subcutaneous infusion. 

Accordingly, in a first aspect of the invention, there is 
provided use of a phamiaceutically or biologically accept- 
able substance selected from the group consisting of di- 
agnostic agents, drugs and other substances which pro- 
vide therapeutic or health benefits for the manufacture 
of a medicamentfor use in a method for directly delivering 
a substance into an intrademial space within skin of a 
human subject, wherein the delivered substance has im- 
proved phannacokinetics compared to pharmacokinet- 
ics after subcutaneous injection said method comprising 
administering the substance through at least one small 
gauge hollow needle having an outlet with an exposed 
height between 0 and 1 mm, said outlet being inserted 
into the skin to a depth of between 0.3 mm and 2 mm, 
such that delivery of the substance occurs at a depth 
between 0.3 mm and 2 mm. Preferred embodiments of 
the invention in its first aspect are described below or as 
defined in the sub-claims. 

[0037] The present invention provides a use of a sub- 
stance for therapeutic treatment by delivery of a drug or 
other substance to a human or animal subject by directly 
targeting the intradennal space, where the drug or sub- 
stance is administered to the intradermal space through 
one or more dermal-access means incorporated within 
the device. Substances infused according to the methods 
of the uses of the invention have been found to exhibit 
phannacokinetics superior to, and more clinically desir- 
able than that observed for the same substance admin- 
istered by SC injection. 

[0038] The dennal-access means used for ID admin- 
istration according to the invention is not critical as long 
as it penetrates the skin of a subject to the desired tar- 
geted depth within the intradermal space without passing 
through it. In most cases, the device will penetrate the 
skin and to a depth of about 0.5-2 mm. The dermal-ac- 
cess means may comprise conventional injection nee- 
dles, catheters or microneedles of all known types, em- 
ployed singularly or in multiple needle an-ays. The der- 
mal-access means may comprise needleless devices in- 
cluding ballistic injection devices. Thetenns "needle" and 
"needles" as used herein are intended to encompass all 
such needle-like structures The terni microneedles as 
used herein are intended to encompass structures small- 
er than about 30 gauge, typically about 31-50 gauge 
when such structures are cylindrical in nature. Non-cy- 
lindrical structures encompass by the term microneedles 
would therefore be of comparable diameter and include 
pyramidal, rectangular, octagonal, wedged, and other 
geometrical shapes. Dennal-access means also include 
ballistic fluid injection devices, powder-jet delivery devic- 
es, piezoelectric, electromotive, electromagnetic assist- 
ed delivery devices, gas-assisted delivery devices, of 
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which directly penetrate the sl<in to provide access for 
delivery or directly deliver substances to the targeted lo- 
cation within the dermal space. By varying the targeted 
depth of delivery of substances by the dermal-access 
means, pharmacokinetic and phannacodynamic 
(PK/PD) behaviorofthe drug or substance can be tailored 
to the desired clinical application most appropriate for a 
particular patient's condition. The targeted depth of de- 
livery of substances by the dermal-access means may 
be controlled manually by the practitioner, or with or with- 
out the assistance of indicator means to indicate when 
the desired depth is reached. Preferably however, the 
device has stmctural means for controlling skin penetra- 
tion to the desired depth within the intradermal space. 
This is most typically accomplished by means of a wid- 
ened area or hub associated with the shaft of the dermal- 
access means that may take the form of a backing struc- 
ture or platfonn to which the needles are attached. The 
length of microneedles as dermal-access means are eas- 
ily varied during the fabrication process and are routinely 
produced in less than 2 mm length. Microneedles are 
also a very sharp and of a very small gauge, to further 
reduce pain and other sensation during the injection or 
infusion. They may be used in the invention as individual 
single-lumen microneedles or multiple microneedles 
may be assembled or fabricated in linear an-ays or two- 
dimensional arrays as to increase the rate of delivery or 
the amount of substance delivered in a given period of 
time. Microneedles may be incorporated into a variety of 
devices such as holders and housings that may also 
serve to limitthe depth of penetration. The dermal-access 
means of the invention may also incorporate reservoirs 
to contain the substance prior to delivery or pumps or 
other means for delivering the drug or other substance 
underpressure. Alternatively, the device housing the der- 
mal-access means may be linked externally to such ad- 
ditional components. 

[0039] IV-like pharmacokinetics is accomplished by 
administering drugs into the dermal compartment in inti- 
mate contactwiththecapillarymicrovasculature and lym- 
phatic microvasculature. In should be understood that 
the terms microcapillaries or capillary beds refer to either 
vascular or lymphatic drainage pathways within the der- 
mal area. 

[0040] While not intending to be bound by any theo- 
retical mechanism of action, it is believed that the rapid 
absorption observed upon administration into the dennis 
is achieved as a result of the rich plexuses of blood and 
lymphatic vessels in the dennis. However, the presence 
of blood and lymphatic plexuses in the dennis would not 
by itself be expected to produce an enhanced absorption 
of macromolecules. This is because capillary endotheli- 
um is normally of low pemieability or impermeable to 
macromolecules such as proteins, polysaccharides, nu- 
cleic acid polymers, substance having polymers attached 
such as pegylated proteins and the like. Such macromol- 
ecules have a molecular weight of at least 1 000 Daltons 
or of a higher molecular weight of at least, 2000 Daltons, 



at least 4000 Daltons, at least 10,000 Daltons or even 
higher. Furthermore, a relatively slow lymphatic drainage 
from the interstitium into the vascular compartment would 
also not be expected to produce a rapid increase in plas- 
5 ma concentration upon placement of a pharmaceutical 
substance into the dennis. 

[0041] One possible explanation for the unexpected 
enhanced absorption reported herein is that upon injec- 
tion of substances so that they readily reach the papillary 

'0 dermis an increase in blood flow and capillary pennea- 
bility results. For example, it is known that a pinprick in- 
sertion to a depth of 3 mm produces an increase in blood 
flow and this has been postulated to be independent of 
pain stimulus and due to tissue release of histamine (Ar- 

'5 ildsson et al., Microvascular Res. 59:122-130, 2000). 
This is consistent with the observation that an acute in- 
flammatory response elicited in response to skin injury 
produces a transient increase in blood flow and capillary 
permeability (see Physiology, Biochemistry, and Molec- 

20 ular Biology of the Skin, Second Edition, L.A. Goldsmith, 
Ed., Oxford Univ. Press, New York, 1991, p. 1060; Wil- 
hem. Rev. Can. Biol. 30:153-172, 1971). At the same 
time, the injection into the intradennal layer would be 
expected to increase interstitial pressure. It is known that 

25 increasing interstitial pressure from values (beyond the 
"nonnal range")of about -7 to about +2 mmHg distends 
lymphatic vessels and increases lymph flow (Skobe et 
al., J. Investig. Dermatol. Symp. Proc. 5:14-19, 2000). 
Thus, the increased interstitial pressure elicited by injec- 

30 tion into the intradermal layer is believed to elicit in- 
creased lymph flow and increased absorption of sub- 
stances injected into the dennis. 
[0042] By "improved phannacokinetics" itismeantthat 
an enhancement of phannacokinetic profile is achieved 

35 as measured, for example, by standard phannacokinetic 
parameters such as time to maximal plasma concentra- 
tion (T^ax)i *he magnitude of maximal plasma concen- 
tration (Cn,a)() Of the time to elicit a minimally detectable 
blood or plasma concentration (T|ag). By enhanced ab- 

40 sorption profile, it is meant that absorption is improved 
or greater as measured by such pharmacokinetic param- 
eters. The measurement of phannacokinetic parameters 
and detemiination of minimally effective concentrations 
are routinely perfonned in the art. Values obtained are 

■'s deemed to be enhanced by comparison with a standard 
route of administration such as, for example, subcutane- 
ous administration or intramuscular administration. In 
such comparisons, it is preferable, although not neces- 
sarily essential, that administration into the intradennal 

50 layer and administration into the reference site such as 
subcutaneous administration involve the same dose lev- 
els, i.e. the same amount and concentration of drug as 
well as the same earner vehicle and the same rate of 
administration in terms of amount and volume per unit 

55 time. Thus, for example, administration of a given phar- 
maceutical substance into the dennis at a concentration 
such as 100 |j,g/ml and rate of 100 (xL per minute over a 
period of 5 minutes would, preferably, be compared to 
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administration of the same phamiaceutical substance in- 
to the subcutaneous space at the same concentration of 
100 |xg/ml and rate of 100 jiL per minute over a period 
of 5 minutes. 

[0043] The enhanced absorption profile is believed to 
be particularly evident for substances which are not well 
absorbed when injected subcutaneously such as, for ex- 
ample, macromolecules and/or hydrophobic substanc- 
es. Macromolecules are, in general, not well absorbed 
subcutaneously and this may be due, not only to their 
size relative to the capillary pore size, it may also be due 
to their slow diffusion through the interstitium because of 
their size. It is understood that macromolecules can pos- 
sess discrete domains having a hydrophobic and/or hy- 
drophilic nature. In contrast, small molecules which are 
hydrophilic are generally well absorbed when adminis- 
tered subcutaneously and it is possible that no enhanced 
absorption profile would be seen upon injection into the 
dermis compared to absorption following subcutaneous 
administration. Reference to hydrophobic substances 
herein is intended to mean low molecular weight sub- 
stances, for example substances with molecular weights 
less than 1000 Daltons, which have a water solubility 
which is low to substantially insoluble 
[0044] The above-mentioned PK and PD benefits are 
best realized by accurate direct targeting of the dermal 
capillary beds. This is accomplished, for example, by us- 
ing microneedle systems of less than about 250 micron 
outer diameter, and less than 2 mm exposed length. Such 
systems can be constmcted using (<nown methods of var- 
ious materials including steel, silicon, ceramic, and other 
metals, plastic, polymers, sugars, biological and or bio- 
degradable materials, and/or combinations thereof. 
[0045] It has been found that certain features of the 
intrademnal administration methods provide clinically 
useful PK/PD and dose accuracy. For example, it has 
been found that placement of the needle outlet within the 
sl<in significantly affects PK/PD parameters. The outlet 
of a conventional or standard gauge needle with a bevel 
has a relatively large exposed height (the vertical rise of 
the outlet). Although the needle tip may be placed at the 
desired depth within the intradennal space, the large ex- 
posed height of the needle outlet causes the delivered 
substance to be deposited at a much shallower depth 
nearer to the skin surface. As a result, the substance 
tends to effuse out of the sl<in due to bacl<pressure ex- 
erted by the skin itself and to pressure built up from ac- 
cumulating fluid from the injection or infusion. That is, at 
a greater depth a needle outlet with a greater exposed 
height will still seal efficiently where as an outlet with the 
same exposed height will not seal efficiently when placed 
in a shallower depth within the intradermal space. Typi- 
cally, the exposed height of the needle outlet will be from 
0 to about 1 mm. A needle outlet with an exposed height 
of 0 mm has no bevel and is at the tip of the needle. In 
this case, the depth of the outlet is the same as the depth 
of penetration of the needle. A needle outlet that is either 
formed by a bevel or by an opening through the side of 



the needle has a measurable exposed height. It is un- 
derstood that a single needle may have more than one 
opening or outlets suitable for delivery of substances to 
the dennal space. 

5 [0046] It has also been found that by controlling the 
pressure of injection or infusion may avoid the high back- 
pressure exerted during ID administration. By placing a 
constant pressure directly on the liquid interface a more 
constant delivery rate can be achieved, which may opti- 

'0 mize absorption and obtain the improved phannacoki- 
netics. Delivery rate and volume can also be controlled 
to prevent the formation of wheals at the site of delivery 
and to prevent backpressure from pushing the demnal- 
access means out of the skin. The appropriate delivery 

'5 rates and volumes to obtain these effects for a selected 
substance may be determined experimentally using only 
ordinary skill. Increased spacing between multiple nee- 
dles allows broader fluid distmbtion and increased rates 
of delivery or larger fluid volumes. In addition, it has been 

20 found that ID infusion or injection often produces higher 
initial plasma levels of drug than conventional SC admin- 
istration, particularly for drugs that are susceptible to in 
vivo degradation or clearance or for compounds that 
have an affinity to the SC adipose tissue or for macro- 
ns molecules that diffuse slowly through the SC matrix. This 
may, in many cases, allow for smaller doses of the sub- 
stance to be administered via the ID route. 
[0047] The administration methods useful for carrying 
out the invention include both bolus and infusion delivery 

30 of drugs and othersubstances to humans or animals sub- 
jects. A bolus dose is a single dose delivered in a single 
volume unit over a relatively brief period of time, typically 
less than about 1 0 minutes. Infusion administration com- 
prises administering a fluid at a selected rate that may 

35 be constant or variable, over a relatively more extended 
time period, typically greater than about 1 0 minutes. To 
deliver a substance the dermal-access means is placed 
adjacent to the skin of a subject providing directly target- 
ed access within the intradermal space and the sub- 

'*o stance or substances are delivered or administered into 
the intradennal space where they can act locally or be 
absorbed by the bloodstream and be distributed system- 
atically. The dennal-access means may be connected to 
a reservoir containing the substance or substances to be 

'>5 delivered. The fonn of the substance or substances to 
be delivered or administered include solutions thereof in 
pharmaceutically acceptable diluents or solvents, emul- 
sions, suspensions, gels, particulates such as micro- and 
nanoparticles either suspended or dispersed, as well as 

50 in-situ forming vehicles of the same. Delivery from the 
reservoir into the intradennal space may occur either 
passively, without application of the external pressure or 
other driving means to the substance or substances to 
be delivered, and/or actively, with the application of pres- 

55 sure or other driving means. Examples of prefen-ed pres- 
sure generating means include pumps, syringes, elas- 
tomer membranes, gas pressure, piezoelectric, electro- 
motive, elecrtomagnetic pumping, or Belleville springs or 
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washers or combinations thereof. If desired, the rate of 
delivery of the substance may be variably controlled by 
the pressure-generating means. As a result, the sub- 
stance enters the intradermal space and is absorbed in 
an amount and at a rate sufficient to produce a clinically 
efficacious result. 

[0048] As used herein, the tenn "clinically efficacious 
result" is meant a clinically useful biological response 
including both diagnostically and therapeutically useful 
responses, resulting from administration of a substance 
or substances. For example, diagnostic testing or pre- 
vention or treatment of a disease or condition is a clini- 
cally efficacious result. Such clinically efficacious results 
include diagnositic results such as the measurement of 
glomerular filtration pressure following injection of inulin, 
the diagnosis of adrenocortical function In children fol- 
lowing injection of ACTH, the causing of the gallbladder 
to contract and evacuate bile upon injection of chole- 
cystokininandthe lil<e as well as therapeutic results, such 
as clinically adequate control of blood sugar levels upon 
injection of insulin, clinically adequate management of 
honnone deficiency following hormone injection such as 
parathyroid hormone or grovrth hormone, clinically ade- 
quate treatment of toxicity upon injection of an antitoxin 
and the like . 

[0049] Substances that can be delivered intradermally 
in accordance with the present invention are intended to 
include phannaceutically or biologically active substanc- 
es including include diagnostic agents, drugs, and other 
substances which provide therapeutic or health benefits 
such as for example nutraceuttoals. Diagnosticsubstanc- 
es useful with the present invention include macromo- 
lecular substances such as, for example, inulin, ACTH 
(e.g. corticotropin injection), luteinizing hormone-releas- 
ing honnone (eg., Gonadorelin Hydrochloride), growth 
hormone-releasing honnone (e.g. Sennorelin Acetate), 
cholecystokinin (Sincalide), parathyroid honnone and 
fragments thereof (e.g. Teriparatide Acetate), thyroid re- 
leasing honnone and analogs thereof (e.g. protirelin), se- 
cretin and the like. 

[0050] Therapeutic substances which can be used 
with the present invention include Alpha-1 anti-trypsin, 
Anti-Angiogenesis agents, Antisense, butorphanol. Cal- 
citonin and analogs, Ceredase, COX-I I inhibitors, denna- 
tological agents, dihydroergotamine, Dopamine agonists 
and antagonists. Enkephalins and other opioid peptides, 
Epidennal growth factors. Erythropoietin and analogs. 
Follicle stimulating hormone, G-CSF, Glucagon, GM- 
CSF, granisetron, Growth honnone and analogs (includ- 
ing growth honnone releasing hormone). Growth hor- 
mone antagonists, Hirudin and Hirudin analogs such as 
Hirulog, IgE suppressors, Insulin, insulinotropin and ana- 
logs, Insulin-like growth factors. Interferons, Interleukins, 
Luteinizing hormone. Luteinizing hormone releasing hor- 
mone and analogs, Heparins, Low molecular weight 
heparins and other natural, modified, or syntheic gly- 
coaminogiycans, M-CSF, metoclopramide. Midazolam, 
Monoclonal antibodies, Peglyated antibodies, Pegylated 



proteins or any proteins modified with hydrophilic or hy- 
drophobic polymers or additional functional groups. Fu- 
sion proteins. Single chain antibody fragments or the 
same with any combination of attached proteins, macro- 

5 molecules, or additional functional groups thereof. Nar- 
cotic analgesics, nicotine. Non-steroid anti-inflammatory 
agents, Oligosaccharides, ondansetron. Parathyroid 
honnone and analogs. Parathyroid honnone antago- 
nists. Prostaglandin antagonists. Prostaglandins, Re- 

'0 combinant soluble receptors, scopolamine. Serotonin 
agonists and antagonists, Sildenafil, Tertiutaline, Throm- 
bolytics, Tissue plasminogen activators, TNF - , and TN F 
- antagonist, the vaccines, with or without carriers/adju- 
vants, including prophylactics and therapeutic antigens 

'5 (including but not limited to subunit protein, peptide and 
polysaccharide, polysaccharide conjugates, toxoids, ge- 
netic based vaccines, live attenuated, reassort:ant, inac- 
tivated, whole cells, viral and bacterial vectors) in con- 
nection with, addiction, arthritis, cholera, cocaine addic- 

20 tion, diphtheria, tetanus, HIB, Lyme disease, meningo- 
coccus, measles, mumps, rubella, varicella, yellowfever. 
Respiratory syncytial virus, tick borne Japanese en- 
cephalitis, pneumococcus, streptococcus, typhoid, influ- 
enza, hepatitis, including hepatitis A, B, C and E, otitis 

25 media, rabies, polio, HIV, parainfluenza, rotavirus, Ep- 
stein Barr Virus, CMV, chlamydia, non-typeable haemo- 
philus, moraxella catarrhalis, human papilloma vims, tu- 
berculosis including BCG, gonorrhoea, asthma, athero- 
schlerosis malaria, E-coli, Alzheimer's Disease, H. Py- 

30 lori, salmonella, diabetes, cancer, herpes simplex, hu- 
man papilloma and the like other substances including 
all of the major therapeutics such as agents for the com- 
mon cold. Anti-addiction, anti-allergy, anti-emetics, anti- 
obesity, antiosteoporeteic, anti-infectives, analgesics, 

35 anesthetics, anorexics, antiarthrrtics, antiasthmatic 
agents, anticonvulsants, anti-depressants, antidiabetic 
agents, antihistamines, anti -inflammatory agents, an- 
timigraine preparations, antimotion sickness prepara- 
tions, antinauseants, antineoplastics, antiparkinsonism 
drugs, antipruritics, antipsychotics, antipyretics, anti- 
cholinergics, benzodiazepine antagonists, vasodilators, 
including general, coronary, peripheral and cerebral, 
bone stimulating agents, central nervous system stimu- 
lants, hormones, hypnotics, Immunosuppressives, mus- 

■*5 cle relaxants, parasympatholytics, parasympathomimet- 
rics, prostaglandins, proteins, peptides, polypeptides 
and other macromolecules, psychostimulants, seda- 
tives, and sexual hypofunction and tranquilizers. 
[0051] Pharmacokinetic analysis of insulin infusion da- 

50 ta was carried out as follows. Stepwise nonlinear least- 
squares regression was used to analyze the insulin con- 
centration-time data from each individual animal. Initially, 
an empirical biexponential equation was fit to the insulin 
concentration-time data for the negative control condi- 

55 tion. This analysis assumed first-order release of residual 
insulin, and recovered parameters for the first-order rate 
constant for release, the residual insulin concentration 
at the release site, a lag time for release, and a first-order 
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rate constant for elimination of insulin from tlie systemic 
circulation. The parameters recovered in this phase of 
the analysis are of no intrinsic importance, but merely 
account forthe fraction of circulating insulin derived from 
endogenous sources. 

[0052] The second step of the analysis involved fitting 
an explicit compartmental model to the insulin concen- 
tration-time data during and after subcutaneous or intra- 
dennal infusion. The scheme upon which the mathemat- 
ical model was based is shown in the upper part of Figure 
1.[PK/PD model fig]. Infusion of insulin proceeded from 
f = 0 to f = 240 min; after a lag time (ti^g g), absorption 
from the infusion site was mediated by a first-order proc- 
ess governed by the absorption rate constant k^. Insulin 
absorbed into the systemic circulation distributed into an 
apparent volume V contaminated by an unknown frac- 
tional bioavailability F, and was eliminated according to 
a first-order rate constant K. The fitting routine recovered 
estimates of ti^g g. K V/F, and K; parameters associated 
with the disposition of endogenous insulin (Cp, t|ag , , kp,), 
which were recovered in the first step of the analysis, 
were treated as constants. 

[0053] Parameter estimates are reported as mean ± 
SD. The significance of differences in specific parame- 
ters between the two different modes of insulin adminis- 
tration (subcutaneous versus intradermal infusion) was 
assessed with the paired Student's t-test. 
Pharmacodynamic analysis of insulin infusion data was 
calculated as follows. Plasma concentrations of glucose 
were used as a surrogate forthe phannacological effect 
of insulin. The change in response variable R (plasma 
glucose concentration) with respect to time f was mod- 



dt 



[0054] where kj„ Is the zero-order infusion of glucose, 
o^f\s the first-order rate constant mediating glucose elim- 
ination, and E is the effect of insulin according to the 
sigmoid Hill relationship 



7 = ^2-!^ 



[0055] in which Mg^ is the maximal stimulation of o^, 
by insulin, ECjois the insulin concentration at which stim- 
ulation of o„, is half maximal, C is the concentration of 
insulin, and y is the Hill coefficient of the relationship. 
Initial modeling efforts utilized the plasma concentration 
of insulin as the mediator of pharmacological response. 
However, this approach did not capture the delay in re- 
sponse of plasma glucose to increasing concentrations 
of plasma insulin. Therefore, an effect-compartment 



modeling approach was finally adopted in which the ef- 
fect of insulin was mediated from a hypothetical effect 
compartment peripheral to the systemic phannacokinetic 
compartment 

s [0056] The pharmacodynamic analysis was conduct- 
ed in two steps. In the first step of the analysis, initial 
estimates of the phannacokinetic parameters associated 
with the disposition of glucose (o^ and the volume of 
distribution of glucose, Vgi^^^g) were detennined from 
'0 the glucose concentration-time data in the negative con- 
trol condition. The full integrated phannacokinetic-phar- 
macodynamic model then was fit simultaneously to the 
glucose concentration-time data from the negative con- 
trol condition and each insulin delivery condition for each 

'5 animal (i.e., two sets of pharmacodynamic parameters 
were obtained for each animal: one from the simultane- 
ous analysis of the subcutaneous insulin infusion/nega- 
tive control data, and one from the simultaneous analysis 
of the intradennal insulin infusion/negative control data). 

20 In all pharmacodynamic analyses, the parameters gov- 
erning insulin disposition obtained during pharmacoki- 
netic analysis of insulin concentration-time data from 
each animal were held constant. 
[0057] All other phannacokinetic analyses were calcu- 

^5 lated using non-compartmental methods using similar 
sofware programs and techniques known In the art.. 
[0058] Having described the invention in general, the 
following specific but not limiting examples and reference 
to the accompanying Figures set forth various examples 

30 for practicing the demial accessing, direct targeting drug 
administration method and examples of demial admin- 
istered drug substances providing improved PK and PD 
effects. 

[0059] A representative example of dennal-access 

35 microdevice comprising a single needle were prepared 
from 34 gauge steel stock (MicroGroup, Inc., Medway, 
MA) and a single 28° bevel was ground using an 800 grit 
carborundum grinding wheel. Needles were cleaned by 
sequential sonication in acetone and distilled water, and 

''0 flow-checked with distilled water. Microneedles were se- 
cured into small gauge catheter tubing (Maersk Medical) 
using UV-cured epoxy resin. Needle length was set using 
a mechanical indexing plate, with the hub of the catheter 
tubing acting as a depth-limiting control and was con- 

■'5 firmed by optical microscopy. For experiments using nee- 
dles of various lengths, the exposed needle lengths were 
adjusted to 0.5, 0.8, 1 , 2 or 3 mm using the indexing plate. 
Connection to the fluid metering device, either pump or 
syringe, was via an integral Luer adapter at the catheter 

so inlet. During injection, needles were Inserted perpendic- 
ular to the skin surface, and were either held in place by 
gentle hand pressure for bolus delivery or held upright 
by medical adhesive tape for longer infusions. 
Devices were checked for function and fluid flow both 

55 immediately prior to and post injection. This Luer Lok 
single needle catheter design is hereafter designated 
SSI ^34. 

[0060] Yet another dermal-access array microdevices 
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was prepared consisting of 1 " diameter disl<s machined 
from acrylic polymer, with a low volume fluid path branch- 
ing to each individual needle from a central inlet. Fluid 
input was via a low volume catheter line connected to a 
Hamilton microsyringe, and delivery rate was controlled 
via a syringe pump. Needles were arranged in the disk 
with a circular pattern of 15 mm diameter. Three-needle 
and six-needle arrays were constructed, with 12 and 7 
mm needle-to-needle spacing, respectively. All array de- 
signs used single-bevel, 34 G stainless steel micronee- 
dles of 1 mm length. The 3-needle 12mm spacing cath- 
eter-design is hereafter designated SS3_34B, 6-needle 
7mm spacing catheter-design is hereafter designated 
SS6_34A. 

[0061 ] Yet another dermal-access an-ay microdevices 
was prepared consisting of 1 1 mm diameter disks ma- 
chined from acrylic polymer, with a low volume fluid path 
branching to each individual needle from a central inlet. 
Fluid input was via a low volume catheter line connected 
to a Hamilton microsyringe, and delivery rate was con- 
trolled via a syringe pump. Needles were arranged in the 
disk with acircularpattem of aboutS mm diameter. Three- 
needle arrays of about 4 mm spacing connected to a 
catheter as described above. Thesedesigns are hereaf- 
ter designated SS3S_34_1, SS3C_34_2, and SS3S_ 
34_3 for 1mm, 2mm, and 3mm needle lengths respec- 

[0062] Yet another dermal-access ID infusion device 
was constructed using a stainless steel 30 gauge needle 
bent at near the tip at a 90-degree angle such that the 
available length for skin penetration was 1-2 mm. The 
needle outlet (the tip of the needle) was at a depth of 
1 .7-2.0 mm in the skin when the needle was inserted and 
the total exposed height of the needle outlet 1 .0-1 .2 mm 
This design is hereafter designated SSB1_30. 
[0063] EXAMPLE I 

[0064] Slow-infusion ID insulin delivery was demon- 
strated in swine using a hollow, silicon-based single-lu- 
men microneedle (2 mm total length and 200 X 100 (im 
OD, corresponding to about 33 gauge) with an outlet 1 .0 
tx.m from the tip (1 00 (xm exposed height), was fabricated 
using processes known in the art (US Patent No. 
5,928,207) and mated to a microbore catheter (Disetro- 
nic). The distal end of the microneedle was placed into 
the plastic catheter and cemented in place with epoxy 
resin to fonn a depth-limiting hub. The needle outlet was 
positioned approximately 1 mm beyond the epoxy hub, 
thus limiting penetration of the needle outlet into the skin 
to approximately 1 mm., which corresponds to the depth 
of the intradennal space in swine.. The catheter was at- 
tached to a MiniMed 507 insulin pump for control of fluid 
delivery. The distal end of the microneedle was placed 
into the plasticcatheter and cemented in place with epoxy 
resin to fonn a depth-limiting hub. The needle outlet was 
positioned approximately 1 mm beyond the epoxy hub, 
thus limiting penetration of the needle outlet into the skin 
to approximately 1 mm., which corresponds to the depth 
of the intradermal space in swine. The patency of the 



fluid flow path was confinned by visual observation, and 
no obstnjctions were observed at pressures generated 
by a standard 1 -cc syringe. The catheter was connected 
to an external insulin infusion pump (MiniMed 507) via 

5 the integral Luer connection at the catheter outlet. The 
pump was filled with Humalog™ (Lispro) insulin (Eli Lilly, 
Indianapolis, IN) and the catheter and microneedle were 
primed with insulin according to the manufacturer's in- 
structions. Sandostatin®(Sandoz, East Hanover, NJ)so- 

'0 lution was administered via IV infusion to anesthetized 
swine to suppress basal pancreatic function and insulin 
secretion. After a suitable induction period and baseline 
sampling, the primed microneedle was inserted perpen- 
dicular to the skin surface in the flank of the animal up to 

'5 the hub stop. Insulin infusion at a rate of 2 U/hr was used 
and maintained for 4 hr. Blood samples were periodically 
withdrawn and analyzed forsemm insulin concentration 
and blood glucose values. Baseline insulin levels before 
infusion were at the background detection level of the 

20 assay. After initiation of the infusion, serum insulin levels 
showed an increase that was commensurate with the 
programmed infusion rates. Blood glucose levels also 
showed a con-esponding drop relative to negative con- 
trols (NC) without insulin infusion and this drop was im- 

25 proved relative to conventional SC infusion. In this ex- 
periment, the microneedle was demonstrated to ade- 
quately breach the skin barrier and deliver a drug in vivo 
at phamiaceutically relevant rates. The ID infusion of in- 
sulin was demonstrated to be a phamnacokinetically ac- 

30 ceptable administration route, and the pharmacodynam- 
ic response of blood glucose reduction was also demon- 
strated. Calculated PK parameters for ID infusion indi- 
cate that insulin is absorbed much faster than via than 
SC administration. Absorption from the ID space begins 

35 almost immediately: the lag time prior to absorption (t,ag) 
was 0.88 vs. 13.6 min for ID and SC respectively. Also 
the rate of uptake from the administration site is increased 
by approximately 3-fold, kg = 0.0666 vs. 0.0225 min-'' for 
ID and SC respectively. The bioavailability of insulin de- 

'10 livered by ID administration is increasedaproximately 1 .3 
fold greater than SC administration. 
[0065] EXAMPLE II Bolus delivery of Lilly Lispro fast 
acting insulin was performed using ID and SC bolus ad- 
ministration. The ID injection microdevice was dennal 

45 access an-ay design SS3_34. 10 international insulin 
unrts (U) corresponding to 100 uL volume respectively, 
were administered to diabetic Yucatan Mini swine. Test 
animals had been previously been rendered diabetic by 
chemical ablation of pancreatic islet cells, and were no 

so longer able to secrete insulin. Test animals received their 
insulin injection either via the microneedle array or via a 
standard 30 G X % in. needle inserted laterally into the 
SC tissue space. Circulating serum insulin levels were 
detected using a commercial chemiluminescent assay 

55 kit ( Immulite, Los Angeles, CA) and blood glucose values 
were detennined using blood glucose strips. ID injections 
were accomplished via hand pressure using an analytical 
microsyringe and were administered over approximately 
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60 sec. By comparison, SC dosing required only 2-3 sec. 
Referring to Figure 1 , it is shown that serum insulin levels 
after bolus administration demonstrate more rapid up- 
take and distribution of the injected insulin when admin- 
istered via the ID route. The time to maximum concen- s 
tration (T^ax) shorter and the maximum concentration 
obtained (C^^) is higher for ID vs. SC administration. In 
addition, Figure 2 also demonstrates the phanmacody- 
namic biological response to the administered insulin, as 
measured by the decrease in blood glucose (BG), 
showed faster and greater changes in BG since more 
insulin was available early after ID administration. 
[0066] EXAMPLE III 

[0067] Lilly Lispro is regarded as fact acting insulin, 
and has a slightly altered protein structure relative to na- 's 
live human insulin.. Hoechst regular insulin, maintains 
the native human insulin protein stoicture that is chemi- 
cally similar, but has slower uptake than Lispro when 
administered by the traditional SC route. Both insulin 
types were administered in bolus via the ID route to de- 20 
termine if any differences in uptake would be discernable 
by this route. 5U of either insulin type were administered 
to the ID space using dermal access microdevice design 
SS3_34. The insulin concentration verses time data 
shown in Figure 3. When administered by the ID route 25 
the PK profiles for regular and fast-acting insulin were 
essentially identical, and both insulin types exhibitedfast- 
er uptake than Lispro given by the traditional SC route. 
This is evidence that the uptake mechanism for ID ad- 
ministration is less affected by minor biochemical chang- so 
es in the administered substance, and that ID delivery 
provides an advantageous PK uptake profile for regular 
insulin that is superior to SC administered fast-acting in- 
sulin. 

[0068] EXAMPLE IV 35 
[0069] Bolus delivery of Lilly Lispro fast-acting insulin 
via microneedle an^ys having needles of various lengths 
was conducted to demonstrate that the precise deposi- 
tion of drug into the dennal space is necessary to obtain 
the PK advantages and distinctions relative to SC. Thus, -lo 
5U of Lilly Lispro fast-acting insulin was administered us- 
ing dennal access design SS3_34. Additional microde- 
vices of the same needle array configuration were fabri- 
cated whereby exposed needle lengths of the microde- 
vice an-ay were lengthened to include arrays with needles 45 
lengths of 2 and 3 mm. The average total dennal thick- 
ness in Yucatan Mini swine ranges from 1 .5-2.5 mm. 
Therefore insulin deposition is expected to be into the 
dennis, approximately at the dennal/SC interface, and 
below the dennis and within the SC for 1 mm, 2mm, and so 
3mm length needles respectively. Bolus insulin adminis- 
tration was as described in EXAMPLE II.. Average insulin 
concentrations verses time are shown in Figure 4. The 
data clearly shows as microneedle length is increased, 
the resulting PK profile begins to more closely resemble 55 
SC administration. This data demonstrates the benefits 
of directly targeting the dennal space, such benefits in- 
clude rapid uptake and distribution, and high initial con- 
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centrations. Since the data are averages of multiple ex- 
amples, they do not show the increased inter-individual 
variability in PK profiles from longer 2 and 3mm micro- 
needles. This data demonstrates that since skin thick- 
ness may vary both between individuals and even within 
a single individual, shorter needle lengths that accurately 
target the dermal space are more reproducible in their 
PK profile since they are depositing the drug more con- 
sistently in the same tissue compartment. This data dem- 
onstrates longer microneedles that deposit or administer 
substances deeper into the dennal space, or partially or 
wholly into the SC space, mitigate or eliminate the PK 
advantages in comparison to shallow, directly targeted 
administrations to the highly vascularized dennal region. 
[0070] EXAMPLE V 

[0071] Bolus delivery of Lantus long-acting insulin was 
delivered via the ID route. Lantus is an insulin solution 
that forms microprecipitates at the administration site up- 
on injection. These microparticulates undergo slow dis- 
solution within the body to provide (according to the man- 
ufacturer's literature) a more stable low level of circulating 
insulin than other current long-acting insulin such as crys- 
talline zinc precipitates (e.g. Lente, NPH). Lantus insulin 
(1 0 U dose, 1 00 uL) was administered to diabetic Yucatan 
Mini pigs using the dennal access design SS3_34 and 
by the standard SC method as previously described. Re- 
ferring to Figure 5, when administered via the ID route, 
similar PK profiles were obtained relative to SC. Minor 
distinctions include a slightly higher "bursf immediately 
after the ID insulin delivery. This demonstrates that the 
uptake of even very high molecular weight compounds 
or small particles is achievable via ID administration. 
More importantly this supports the fact that the biological 
clearance mechanism in the body is not appreciably 
changed by the administration route, nor is the way in 
which thatthe drugsubstance is utilized. This is extreme- 
ly important for dnjgs compounds that have a long circu- 
lating half-life (examples would be large soluble receptor 
compounds or other antibodies for cancer treatment, or 
chemically modified species such as PEGylated drugs). 
[0072] EXAMPLE VI 

[0073] Bolus ID delivery of human granulocyte colony 
stimulating factor (GCSF) (Neupogen) was administered 
via dermal access microdevice designs SS3_34B (an-ay) 
or SS1_34 (single needle) to Yucatan minipigs. Delivery 
rate was controlled via a Harvard syringe pump and was 
administered over a 1-2.5 min period. Figure 6 shows 
the PK availabil'ity of GCSF in blood plasma as detected 
by an ELISA immunoassay specific for GCSF. Adminis- 
tration via IV and SC delivery was pert onned as controls. 
Referring to Figure 6 bolus ID delivery of GCSF shows 
the more rapid uptake associated with ID delivery. 
is achieved at approximately 30-90 minutes vs. 1 20 min 
for SC. Also the bioavailability is dramatically increased 
by an approximate factor of 2 as evidenced by the much 
higher area under the curve (AUC). Circulating levels of 
GCSF are detectable for an extended period, indicting 
that ID delivery does not alterthe intrinsic biological clear- 
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ance mechanism or rate for the drug. These data also 
show that device design has minimal effect on the rapid 
uptake of drug from the ID space. The data referred to 
in Figure 7 also shows the degree and time course of 
white blood cell expansion as a result of GCSF adminis- 
tration with respect to a negative control (no GCSF ad- 
ministered). White blood cell (WBC) counts were deter- 
mined by standard cytometric clinical veterinary methods 
ID delivery exhibits the same clinically significant biolog- 
ical outcomes. Although all delivery means give approx- 
imately equal PD outcomes, this data suggests ID deliv- 
ery could enable use half the dose to achieve essentially 
the same physiological result in comparison to SC, due 
to approximately 2-fold bioavailability increase. 

EXAMPLE VII 

[0074] An ID administration experiment was conduct- 
ed using a peptide drug entity: human parathyroid hor- 
mone 1-34 (PTH). PTH was infused for a 4 h period, 
followed by a 2 h clearance. Control SC infusion was 
through a standard 31 -gauge needle inserted into the SC 
space lateral to the skin using a "pinch-up" technique. ID 
infusion was through dennal access microdevice design 
SSB1_30 (a stainless steel 30-gauge needle bent at the 
tip at a 90° angle such that the available length for skin 
penetration was 1 -2 mm). The needle outlet (the tip of 
the needle) was at a depth of 1 .7-2.0 mm in the skin when 
the needle was inserted. A 0.64 mg/mL PTH solution was 
infused at a rate of 75 (iL/hr. Flow rate was controlled 
via a Harvard syringe pump. Weight nonnalized PTH 
plasma levels are shown in Figure XX. {The weight nor- 
malized delivery profiles show a larger area under the 
curve (AUC) indicating higherbioavailability, higher peak 
values at eariier sampling timepoints (e. g. 1 5 and 30 min) 
indicating more rapid onset from ID delivery, and rapid 
decrease following teminatlon of infusion (also indicative 
of rapid uptake without a depot effect).} 
[0075] The above examples and results demonstrate 
the inventive delivery method using multi-point array ID 
administration and single needle ID administration re- 
sults in more rapid uptake with higher C^^ than SC in- 
jection. ID uptake and distribution is ostensibly unaffect- 
ed by device geometry parameters, using needle lengths 
of about 0.5 to about 1 .7mm, needle number and needle 
spacing. No concentration limit for biological absorption 
was found and PK profiles were dictated principally by 
the concentration-based delivery rate. The primary limi- 
tations of ID administration are the total volume and vol- 
umetric infusion-rate limits for leak-free instillation of ex- 
ogenous substances into a dense tissue compart:ment. 
Since absorption of drugs from the ID space appears to 
be insensitive to both device design and volumetric infu- 
sion rate, numerous formulation/device combinations 
can be used to overcome this limitations and provide the 
required or desired therapeutic profiles. For example, vol- 
ume limited dosing regimens can be circumvented either 
by using more concentrated formulations or increasing 
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the total number of instillation sites. In addition, effective 
PK control is obtained by manipulating infusion or admin- 
istration rate of substances. 

[0076] In general, ID delivery as taught by the methods 
5 described hereto via dermal access microneedle devices 
provides a readily accessible and reproducible parenter- 
al delivery route, with high bioavailability, as well as the 
ability to modulate plasma profiles by adjusting the device 
infusion parameters, since uptake is not rate-limited by 
'0 biological uptake parameters. 

[0077] In the previously described examples, the 
methods practiced by the invention demonstrate the abil- 
ity to deliver a dnjg in vivo with greatly improved phar- 
maceutically relevant rates. This data indicates an im- 
'5 proved pharmacological result for ID administration as 
taught by the methods described of other drugs in hu- 
mans would be expected according to the methods of 
the uses of the invention. 

20 

Claims 

1 . Use of a pharmaceutically or biologically acceptable 
substance selected from the group consisting of di- 

2S agnostic agents, drugs and other substances which 
provide therapeutic or health benefits for the manu- 
facture of a medicament for use in a method for di- 
rectly delivering a substance into an intrademnal 
space within skin of a human subject, wherein the 

30 delivered substance has improved pharmacokinet- 
ics compared to phamnacokinetics after subcutane- 
ous injection, said method comprising administering 
the substance through at least one small gauge hol- 
low needle having an outlet with an exposed height 

35 between 0 and 1 mm, said outlet being insert:ed into 
the skin to a depth of between 0.3 mm and 2 mm, 
such that delivery of the substance occurs at a depth 
between 0.3 mm and 2 mm. 

'>o 2. The use of claim 1 , wherein the improved pharma- 
cokinetics is increased bioavailability of the sub- 

3. The use of claim 1 , wherein the improved pharma- 
45 cokinetics is a decrease in T^^^, 

4. The use of claim 1 , wherein the improved phanna- 
cokinetics is an increase in C^^. 

50 5. The use of claim 1 , wherein the improved phamna- 
cokinetics is a decrease in T|ag. 

6. The use of claim 1, wherein the improved phanna- 
cokinetics is enhanced absorption rate. 

7. The use of claim 1, wherein the improved phanna- 
cokinetics is increased bioavailability of the sub- 
stance, a decrease in T^g^- ^'^ increase in C^^, a 
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decrease in Ti^g, and enhanced absorption rate. 

8. The use of claim 1 , wherein the phannaceutically or 
biologically acceptable substance is a neutraceuti- 
cal. 5 

9. The use of claim 1 , wherein the diagnostic agent is 
a macromolecular substance selected from the 
group consisting of inulin, ACTH, luteinizing hor- 
mone-releasing hormone, growth hormone-releas- "> 
ing homione, cholecystokinin, parathyroid homnone 
and fragments thereof, thyroid releasing honnone 
and analogs thereof, secretin and the lil<e. 

10. The use of claim 9, wherein the diagnostic agent is « 
selected from the group consisting of corticotropin 
injection, Gonadorelin Hydrochloride, Sermorelin 
Acetate, Sincalide, Teriparatide Acetate and protire- 

lin. 

20 

11. The use of claim 1 , wherein the therapeutic agent is 
selected from the group consisting of Alpha-1 anti- 
trypsin, Anti-Angiogenesis agents, Antlsense, butor- 
phanol. Calcitonin and analogs, Ceredase, COX-II 
inhibitors, dennatological agents, dihydroergot- 25 
amine. Dopamine agonists and antagonists, 
Enl<ephalins and other opioid peptides, Epidemial 
growth factors, Erythropoietin and analogs. Follicle 
stimulating honnone, G-CSF, Glucagon, GM-CSF, 
granisetron, Growth honnone and analogs (includ- 30 
ing growth hormone releasing hormone). Growth 
hormone antagonists, Hirudin and Hirudin analogs 
such as Hirulog, IgE suppressors. Insulin, insulino- 
tropin and analogs, lnsulin-lil<e growth factors. Inter- 
ferons, Interleukins, Luteinizing hormone, Luteiniz- 35 
ing honnone releasing hormone and analogs. 
Heparins, Low molecular weight heparins and other 
natural, modified, orsyntheicglycoaminoglycans, M- 
CSF, metoclopramide, Midazolam, Monoclonal an- 
tibodies, Peglyated antibodies, Pegylated proteins 

or any proteins modified with hydrophilic or hydro- 
phobic polymers or additional functional groups. Fu- 
sion proteins, Single chain antibody fragments orthe 
same with any combination of attached proteins, 
macromolecules, or additional functional groups 
thereof. Narcotic analgesics, nicotine. Non-steroid 
anti-inflammatory agents, Oligosaccharides, on- 
dansetron. Parathyroid hormone and analogs, Par- 
athyroid hormone antagonists. Prostaglandin antag- 
onists, Prostaglandins, Recombinant soluble recep- so 
tors, scopolamine. Serotonin agonists and antago- 
nists. Sildenafil, Terbutaline, Thrombolytics, Tissue 
plasminogen activators, TNF- , and TNF- antago- 
nist, the vaccines, with or without carriers/adjuvants, 
including prophylactics and therapeutic antigens (in- ss 
eluding but not limited to subunit protein, peptide and 
polysaccharide, polysaccharide conjugates, tox- 
oids, genetic based vaccines, live attenuated, reas- 
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sortant, inactivated, whole cells, viral and bacterial 
vectors) in connection with, addiction, arthritis, chol- 
era, cocaine addiction, diphtheria, tetanus, HIB, 
Lyme disease, meningococcus, measles, mumps, 
rubella, varicella, yellow fever. Respiratory syncytial 
virus, tick borne japanese encephalitis, pneumococ- 
cus, streptococcus, typhoid, influenza, hepatitis, in- 
cluding hepatitis A, B, C and E, otitis media, rabies, 
polio, HIV, parainfluenza, rotavirus, Epstein Barr Vi- 
rus, CMV, chlamydia, non-typeable haemophilus, 
moraxella catarrhalis, human papilloma virus, tuber- 
culosis including BOG, gonorrhoea, asthma, athero- 
schlerosis malaria, E-coli, Alzheimer's Disease, H. 
Pylon, salmonella, diabetes, cancer, herpes sim- 
plex, human papilloma and the like other substances 
including all of the majortherapeutics such as agents 
forthe common cold. Anti-addiction, anti- allergy, an- 
ti-emetics, anti-obesity, antiosteoporeteic, anti-in- 
fectives, analgesics, anesthetics, anorexics, antiar- 
thritics, antiasthmatic agents; anticonvulsants, anti- 
depressants, antidiabetic agents, antihistamines, 
anti-inflammatory agents, antimigraine prepara- 
tions, antimotion sickness preparations, antinause- 
ants, antineoplastics, antiparkinsonism drugs, anti- 
pruritics, antipsychotics, antipyretics, anticholiner- 
gics, benzodiazepine antagonists, vasodilators, in- 
cluding general, coronary, peripheral and cerebral, 
bone stimulating agents, central nervous system 
stimulants, honnones, hypnotics, immunosuppres- 
sives, muscle relaxants, parasympatholytics, para- 
sympathomimetrics, prostaglandins, proteins, pep- 
tides, polypeptides and other macromolecules, psy- 
chostimulants, sedatives, and sexual hypofunction 
and tranquilizers. 

12. The use of claim 1, wherein the substance is admin- 
istered over a time period of not more than ten min- 

13. The use of claim 1 , wherein the substance is admin- 
istered over a time period of greaterthan ten minutes. 

1 4. The use of claim 1 wherein the substance is a peptide 
or protein. 

15. The use of claim 1 wherein the substance is admin- 
istered at a rate between 1 nUmin. and 200 mUmin. 

16. The use of claim 1 wherein said substance is a hor- 

17. The use of claim 14 wherein said protein or peptide 
is selected from the group consisting of insulin, gran- 
ulocyte stimulating factor and PTH. 

18. The use of claim 1 wherein said substance is a nu- 
cleic acid. 
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19. The use of claim 1 wherein the substance has a mo- 
lecular weight of less than 1000 daltons. 

20. The use of claim 1 wherein the substance has a mo- 
lecular weight greater than 1 000 daltons. 

21. The use of claim 1 wherein said substance is hydro- 
phobic. 

22. The use of claim 1 wherein said substance is hy- 
drophilic. 

23. The use of claim 1 wherein the needle(s) are inserted 
substantially perpendicularly to the skin. 

24. The use of claim 1 , wherein the needle is a micro- 
needle having a length of from about 0.5 mm to about 



25. The use of claim 24, wherein the microneedle is a 
30 to 34 gauge needle. 



27. The use of claim 24, wherein the microneedle is con- 
figured in a delivery device which positions the micro- 
needle perpendicular to skin surface. 

28. The use of claim 24, wherein the micro needle is 
contained in an array of microneedles. 

29. The use of claim 28, wherein the array comprises 3 
microneedles. 

30. The use of claim 28, wherein the array comprises 6 
microneedles. 



insertiert wird, dass die Abgabe der Substanz in ei- 
nerTiefe zwischen 0,3 mm und 2 mm erfolgt. 

Anwendung nach Anspruch 1 , worin die verbesserte 
Pharmakokinetik eine erhdhte Bioverfugbarkeit der 
Substanz darstellt. 



Anwendung nach Anspruch 1 , wori 
Pharmakokinetik eine Abnahme von T^-a. darstellt. 



Anwendung nach Anspruch 1 , worin die verbesserte 
Phannakokinetik eine Erhfihung von darstellt. 



Anwendung nach Anspruch 1 , w 
Pharmakokinetik eine Abnahme von T,™ darstellt. 



Anwendung nach Anspruch 1 , worin die verbesserte 
Pharmakokinetik eine verbesserte Absorptionsrate 



7. Anwendung nach Anspruch 1 , worin die V6 
Pharmakokinetik eine erhohte Bioverfugbarkeit der 
Substanz, eine Abnahme von T^^, eine Erhfihung 
von C^aj(, eine Abnahme von Ti^g und eine verbes- 
serte Absorptionsrate darstellt. 

8. Anwendung nach Anspruch 1 , worin die pharmazeu- 
tisch Oder biologisch vertragliche Substanz ein Neu- 
trazeutikum darstellt. 

9. Anwendung nach Anspruch 1 , worin das Diagnosti- 
kum eine makromolekulare Substanz darstellt, die 
aus der Gruppe ausgewahit ist, bestehend aus Inu- 
lin, ACTH, einem LH-releasing-Honnon, GH-relea- 
sing-Honnon, Cholecystokinin, Parathormon und 
Fragmenten davon, einem Schilddrusen-releasing- 
Hormon und Analogen davon, Sekretin und derglei- 



PatentansprUche 

1. Anwendung einer pharmazeutisch oder biologisch 
vertrSglichen Substanz, die aus der Gruppe ausge- 
wShlt ist, bestehend aus Diagnostika, Arzneimittein 
und anderen Substanzen, die thenapeutische oder 
gesundheitliche Vorteile bereitstellen, zur Herstel- 
lung eines Medikaments zur Anwendung in einem 
Verfahren zur direkten Abgabe einer Substanz in ei- 
nen "intradennalen Raum" in der Haut eines huma- 
nen Patienten, worin die abgegebene Substanz eine 
verbesserte Phannakokinetik im Vergleich zur Phar- 
makokinetik nach dersubkutanen Injektionaufweist, 
wobei das Verfahren die Verabreichung der Sub- 
stanz durch mindestens eine Hohlnadel mit kleinem 
Gauge umfasst, die eine Austrittsoffnung mit einer 
exponierten Hohe zwischen 0 und 1 mm aufweist, 
wobei die Austrittsoffnung in die Haut bis zu einer 
Tiefe von zwischen 0,3 mm und 2 mm dergestalt 



10. Anwendung nach Anspruch 9, wori 
kum aus der Gruppe ausgewShlt is 
Corticotropin zur Injektion, Gonadorelin-Hydrochlo- 
rid, Sermorelin-Acetat, Sincalid, Teriparatid-Acetat 
und Protirelin. 

1 1 . Anwendung nach Anspruch 1 , worin das Therapeu- 
tikum aus der Gruppe ausgewShIt ist, bestehend 
aus: a- 1 -Antitrypsin, Antiangiogenetika, Antisense, 
Butorphanol, Calcitonin und Analogen, Ceredase, 
COX-ll-Hemmern, Dermatika, Dihydroergotamin, 
Dopaminagonisten und -antagonisten, Enkephali- 
nen und anderen Opioidpeptiden, epidermalen 
Wachstumsfaktoren, Erythropoetin und Analogen, 
Follikel-stimulierendem Homion, G-CSF, Glucagon, 
GM-CSF, Granisetron, Wachstumshormon und 
Analogen (einschlie(3lich GH-releasing-Hormon), 
Wachstumshonnon-Antagonisten, Hirudin und Hiru- 
din-Analogen, wie zum Beispiel Hirulog, IgE-Sup- 
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pressoren, Insulin, Insulinotropin und Analogen, in- 
sulinahnlichen Wachstumsfaktoren, Interferonen, 
Interleukinen, Luteinisierungshonnon, LH-releasing 
Hormon und Analogen, Heparinen, niedermolekula- 
ren Heparinen und anderen naturlichen, modifizier- s 
ten Oder synthetischen Gtycoaminoglykanen, M- 
CSF, Metoolopramid, Midazolam, monoklonalen 
Antikorpem, pegylierten Antikdrpem, pegylierten 
Proteinen oderjedweden Protelnen, modlfiziert mit 
hydrophilen oder hydrophoben Polymeren Oder zu- 'o 
satzlichen funktlonellen Gruppen, Fusionsprotei- 
nen, EInketten-AntikSrperfragmenten oder dlesel- 
ben mit jedweder Kombination von angelagerten 
Proteinen, Makromolekulen oderzusatzliclien funk- 
tlonellen Gnjppen davon, narkotischen Analgetika, 15 
Nicotin, nicht steroidalen Antiphlogistika, Oligosac- 
chariden. Ondansetron, Parathonnon und Analo- 
gen, Parathormon-Antagonisten, Prostaglandin- 
Antagonisten, Prostaglandlnen, rekombinanten los- 
lichen Rezeptoren, Scopolamin, Serotonln-Agoni- 20 
sten und -Antagonisten, Sildenafil, Terbutalin, 
Thrombolytika, Gewebsplasminogenaktivatoren, 
TNF und einem TNF-Antagonisten, den Vakzinen, 
mit oderohneTrager{n)/Adjuvanzien, einschlieRlich 
Prophylaktika und therapeutischer Antigene (ein- ?5 
schliel3lich, aber nicht begrenzt auf ein Untereinheit- 
Protein, Peptid und Polysaccharid, Polysaccharid- 
Konjugate.Toxoide, genetiscti basierterVakzine, le- 
bend abgeschwachter, reassortanter, inaktivierter, 
Ganzzellen, Virus- und Bakterien-Vektoren) im Zu- so 
sammenhang mit Substanzabhangigkeit, Arthritis, 
Cholera, Cocain-Abhangigkeit, Diphtherie, Tetanus, 
HIB, derLyme-Krankheit, dem Meningococcus, Ma- 
sern. Mumps, Rubella, Varicella, Gelbfieber, dem 
Respiratory-Syncytial-Virus, Japanischer Enzepha- 35 
litis, dem Pneumococcus, dem Streptococcus, Ty- 
phus, Influenza, Hepatitis, einschlief3lich Hepatitis A, 
B, 0 und E, Otitis media, Tollwut, Poliomyelitis, HIV, 
Parainfluenza, dem Rotavirus, dem Epstein-Ban--Vi- 
rus, CMV, Chlamydien, dem nicht typisierbaren Ha- 'lo 
mophilus, Moraxella catan-halis, dem humanen Pa- 
pillomavirus, Tuberkulose, einschlieraiich BOG, Go- 
norrhoe, Asthma, Atherosklerose, Malaria, E. coli, 
Alzheimer-Krankheit, H. pylori. Salmonella, Diabe- 
tes, Krebs, Herpes simplex, dem humanen Papillom •^s 
und dergleichen, anderen Substanzen, 
einschlieBlich aller der bedeutenden Therapeutika, 
wie zum Beispiel Mittel gegen Erkaitungen, Sub- 
stanzabhangigkeit, Allergie, ErtDrechen, Adipositas, 
Osteoporose, Antiinfektiosa, Analgetika, Anastheti- so 
ka, Anorektika, Antiarthritika, Antiasthmatika, Anti- 
konvulsiva, Antidepressiva, Antidiabetika, Antihist- 
aminika, entzundungshemmender Mittel, AntimigrS- 
ne-Praparate, Mittel gegen Reisekrankheit, Mittel 
gegen Nausea, Antineoplastika, Antiparkinson-Mit- ss 
tel, Antlpruriginosa, Antipsychotika, Antipyretika, 
Anticholinergika, Benzodiazepin-Antagonisten, Va- 
sodilatatoren, einschlieBlich allgemeiner, koronarer, 
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pheripherer und cerebraler, knochenstimulierender 
Mittel, zentrainervCser Stimulanzien, Hormonen, 
Hypnotika, Immunsuppressiva, Muskelrelaxanzien, 
Parasympathotytika, Parasympathomimetika, Pros- 
taglandlnen, Proteinen, Peptiden, Polypeptiden und 
anderer Makromolekule, Psychostimulanzien, Se- 
dativa, Praparate gegen sexuelle Unterfunktion und 
Tranquillanzien. 

12. Anwendung nach Anspruch 1, worin die Substanz 
uber eine Zeitdauer von nicht mehr als zehn Minuten 
verabreicht wird. 

13. Anwendung nach Anspruch 1, worin die Substanz 
uber eine Zeitdauer von mehr als zehn Minuten ver- 
abreicht wird. 

14. Anwendung nach Anspruch 1, worin die Substanz 
ein Peptid oder Protein darstellt. 

15. Anwendung nach Anspruch 1, worin die Substanz 
bei einer Rate zwischen 1 nl/min und 200 ml/min 
verabreicht wird. 

16. Anwendung nach Anspruch 1, worin die Substanz 
ein Hormon darstellt. 

17. Anwendung nach Anspruch 14, worin das Protein 
Oder Peptid aus der Gruppe ausgewShlt ist, beste- 
hend aus Insulin, Granulocyten-stimulierendem 
Faktor und PTH. 

18. Anwendung nach Anspruch 1, worin die Substanz 
eine NukleinsSure darstellt. 

19. Anwendung nach Anspruch 1, worin die Substanz 
ein Molekulargewicht von weniger als 1 000 Dalton 
aufweist. 

20. Anwendung nach Anspruch 1 , worin die Substanz 
ein Molekulargewicht von groSer als 1000 Dalton 
aufweist. 

21. Anwendung nach Anspruch 1, worin die Substanz 
hydrophob ist. 

22. Anwendung nach Anspruch 1 , worin die Substanz 
hydrophil ist. 

23. Anwendung nach Anspruch 1 , worin die Nadel(n) im 
Wesentlichen senkrecht zur Haul insertiert wlrd/wer- 
den. 

24. Anwendung nach Anspruch 1, worin die Nadel eine 
Mikronadel mit einer Lange von ca, 0,5 mm bis ca. 
1,7 mm darstellt. 

25. Anwendung nach Anspruch 24, worin die Mikronadel 
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eine Nadel von 30 bis 34 Gauge darstellt. 

26. Anwendung nach Anspruch 24, worin die Mikronadel 
eine Austrittsoffnung von 0 bis 1 mm aufweist. 

27. Anwendung nach Anspruch 24, worin die Mikronadel 
in einer Abgabevorrichtung konfiguriert ist, welche 
die Mikronadel senkrecht zur Hautoberflache posi- 
tioniert. 

28. Anwendung nach Anspruch 24, worin die Mikronadel 
in einer Anordnung von Mikronadein enthaltet ist. 

29. Anwendung nach Anspruch 28, worin die Anordnung 
3 Mikronadein umfasst. 



Revendications 

1. Utilisation d'une substance phannaceutiquementou 
biologiquement acceptable selectionnee dans le 
groupe consistanten des agents diagnostiques, des 
composes m§dicamenteux et d'autres substances 
qui ont una action therapeutique ou des effets favo- 
rables sur la sante, dans la fabrication d'un medica- 
ment congu pour etre utilise dans une m^thode de 
liberation d'une substance directement dans un es- 
pace intradennique de la peau d'un sujet humain, 
caracterisee en ce que la phamiacocin^tique de la 
substance ainsi liberee est amelior^e par rapport S 
sapharmacocin6tique en injection sous-cutan6e, la- 
dite methode comprenant I'administration de la 
substance au moyen d'au moins une aiguille creuse 
et fine dont I'orifice de sortie comporte une portion 
exposee d'une hauteur comprise entre 0 et 1 mm, 
ledit orifice de sortie etant insure dans la peau & une 
profondeur comprise entre 0,3 mm et 2 mm si bien 
que la liberation de la substance a lieu S une profon- 
deur comprise entre 0,3 mm et 2 mm. 

2. Utilisation de la revendication 1 , oij I'amelioration de 
la pharmacocin^tique est une augmentation de la 
biodisponibilite de la 



3. Utilisation de la revendication 1 , ou I'amelioration de 
la pharmacocinetique est un abaissement du l^^^. 

50 

4. Utilisation de la revendication 1 , ou I'amelioration de 
la pharmacocinetique est une augmentation de la 

5. Utilisation de la revendication 1 , ou I'amelioration de ss 
la phannacocinetique est un abaissement du T|ag. 

6. Utilisation de la revendication 1 , oij I'amelioration de 



la pharmacocinetique est une augmentation du taux 
d'absorption. 

7. Utilisation de la revendication 1 , ou I'amelioration de 
la phannacocinetique est une augmentation de la 
biodisponibilite de la substance, un abaissement du 
Tn,a^, une augmentation de la C^^, un abaissement 
du T|gg et une augmentation du taux d'absorption. 

8. Utilisation de la revendication 1, ou la substance 
phannaceutiquementou biologiquement acceptable 
est un nutraceutique. 

9. Utilisation de la revendication 1 , ou I'agent diagnos- 
tique est une substance macromoieculaire selec- 
tionnee dans le groupe suivant: inuline, ACTH, hor- 
mone de liberation de la luteinostimuline, neuro-hor- 
mone hypothalamique liberant la somatotrophine, 
cholecystokinine, parathormone etfragmentsde cel- 
le-ci, honnone de liberation de lathyreostimuline et 
analogues de celle-ci, secretine et autres substan- 

10. Utilisation de la revendication 9, oij I'agent diagnos- 
tique est seiectionne dans le groupe suivant: corti- 
cotrophineenfonnulation injectable, chlorhydrate de 
gonadoliberine, acetate de sennoreline, sincalide, 
acetate de teriparatide et protireiine. 

1 1 . Utilisation de la revendication 1 , ou I'agent therapeu- 
tique est seiectionne dans le groupe suivant : alpha- 
1 antitrypsine, agents antiangiogenes, antisens, bu- 
torphanol, calcitonine et ses analogues, Ceredase, 
inhibiteurs de la COX-II, agents dermatologiques, di- 
hydroergotamine, agonistes et antagonistes dopa- 
minergiques, encephalines et autres peptides opioT- 
des, facteurs de croissance epidennique, erythro- 
poTetine et ses analogues, gonadotrophine A, G- 
CSF, glucagon, GM-CSF, granisetron, hormone de 
croissance et ses analogues (y compris la neuro- 
hormone hypothalamique liberant la somatotrophi- 
ne), antagonistes de I'hormone de croissance, hiru- 
dine et ses analogues (par ex. hirulog), suppres- 
seurs actrfs sur I'lgE, insuline, insulinotropine et ses 
analogues, facteurs de croissance analogues k I'in- 
suline, interferons, interleukines, gonadotrophine B, 
hormone de liberation de la luteinostimuline et ses 
analogues, heparines, heparines de bas poids mo- 
leculaire et autres glycoaminoglycanes naturels, 
modifies ou synthetiques, M-GSF, metoclopramide, 
midazolam, anticorps monoclonaux, anticorps pegy- 
les, proteines pegyiees ou toute proteine modifiee 
par des polymeres hydrophiles ou hydrophobes ou 
des groupements fonctionnels additionnels, protei- 
nes de fusion, fragments d'anticorps k chalne unique 
ou ceux-ci avec toute combinaison de proteines ou 
macromoiecules lieesou groupements fonctionnels 
additionnels sur ceux-ci, analgesiques narcotiques. 
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nicotine, agents inflammatoires non st^roldiens, oli- 
gosaccharides, ondansetron, parathormone et ses 
analogues, antagonistes de la parathonnone, anta- 
gonistes des prostaglandines, prostaglandines, r6- 
cepteurs solubles recombinants, scopolamine, ago- s 
nistes et antagonistes serotoninergiques, sildenafil, 
terbutaline, thrombolytiques, activateurs tissulaires 
du plasminog^ne, TNF et antagonistes du TNF, vac- 
cins, avec ou sans vecteurs/adjuvants et y compris 
des antig^nes utilises S des fins prophylactiques et 'o 
th^rapeutiques (y compris, entre autres, une protei- 
ne, un peptide et un polysaccharide d'une sous-uni- 
te, des conjugues polysaccharidiques, des toxoTdes 
ou des vaocins produits par recombinaison geneti- 
que, vivants att6nu6s, r^assortants, inactiv^s, a eel- '5 
lules entieres et a vecteurs biologiques et bact^- 
riens), I'utilisation etant en connexion avec les situa- 
tions sulvantes : addiction, arthrite, cholera, cocaT- 
nomanie, diphterie, t^tanos, infections & Hib, mala- 
die de Lyme, infections a meningocoques, rougeole, 20 
oreillons, rub^ole, varicelle, fiSvre jaune, virus res- 
piratoire syncytial, encephalite japonaise a tiques, 
pneumocoques, streptocoques, typhoTde, grippe, 
hepatite (y compris I'hepatite A, B, C et E), otite 
moyenne, rage, polio, Vll-I, parainfluenza, rotavirus, 25 
virus Epstein-Barr, CMV, pararickettsioses, souches 
non typables <i' Haemophilus influenzae, Moraxella 
catarrlialis, virus du papillome humain, tuberculosa 
(y compris BCG), gonon-h6e, asthme, ath6roscl6ro- 
se, paludisme, £. coli, maladie d' Alzheimer, H. py- 30 
Ion, salmonelles, diabete, cancer. Herpes simplex, 
papillome humain et autres, et les autres substances 
comprenant tous les composes therapeutiques ma- 
jeurs, par exemple les suivants : agents centre le 
rhume banal, antiaddictifs, antiallergiques, antieme- 35 
tiques, antiobesite, antiosteoporotiques, anti-infec- 
tieux, analgesiques, anesth^siques, anorexigfenes, 
antiarthritiques, antiasthmatiques, anticonvulsi- 
vants, antid^presseurs, antidiabetiques, antihista- 
miniques, anti-inflammatoires, preparations antimi- -fo 
graineuses, preparations centre le mal des trans- 
ports, antinauseeux, antineoplasiques, antiparkin- 
soniens, agents antiprurigineux, antipsychotiques, 
antipyretiques, anticholinergiques, antagonistes de 
la benzodiazepine, vasedilatateurs (y compris des 45 
vasodilatateurs a action generale, coronariens, pe- 
ripheriques et cerebraux), stimulateurs osseux, 
agents stimulants du systeme nerveux central, hor- 
mones, somniferes, immunosuppresseurs, myere- 
laxants, parasympatholytiques, parasympathomi- so 
metiques, prostaglandines, preteines, peptides, po- 
lypeptides et autres macromoiecules, psychostimu- 
lants, sedatifs, agents centre les troubles de la libido 
ettranquillisants. 

1 2. Utilisation de la revendication 1 , ou la substance est 
administree sur une periede de temps qui ne depas- 
se pas dix minutes. 
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1 3. Utilisation de la revendication 1 , oij la substance est 
administree sur une periode de temps qui depasse 
dix minutes. 

14. Utilisation de la revendication 1 , ou la substance est 
un peptide ou une proteine. 

15. Utilisation de la revendication 1 , oil la substance est 
administree k un taux compris entre 1 nl/min et 200 
ml/min. 

16. Utilisation de la revendication 1 , ou ladite substance 
est une hormone. 

17. Utilisation de la revendication 14, ou ladite proteine 
ou ledit peptide est seiectionne dans le greupe con- 
sistant en I'insuline, le facteur de stimulation des co- 
lonies de granulocytes et la PTH. 

18. Utilisation de la revendication 1 , oij ladite substance 
est un acide nucieique. 

19. Utilisation de la revendication 1, o(j la substance a 
un poids moieculaire inferieur a 1 000 daltens. 

20. Utilisation de la revendication 1 , ou la substance a 
un poids moieculaire superieur a 1 000 daltens. 

21 . Utilisation de ia revendication 1 , oil ladite substance 
est hydrophobe. 

22. Utilisation de la revendication 1 , ou ladite substance 
est hydrophile. 

23. Utilisation de la revendication 1, eij I'insertien de 
Taiguille ou des aiguilles est effectuee d'une maniere 
essentiellement perpendiculaire ^ la peau. 

24. Utilisation de la revendication 1 , ou I'aiguille est une 
micro-aiguille d'une longueurcomprise entre environ 
0,5 mm et environ 1 ,7 mm. 

25. Utilisation de la revendication 24, oil la micro-aiguille 
est une aiguille de gauge 30 k 34. 

26. Utilisation de la revendication 24, oii la micro-aiguille 
a un orifice de sortie d'une longueurcomprise entre 

27. Utilisation de la revendication 24, oil la micro-aiguille 
estconfiguree dans un systeme d'administration qui 
place la micro-aiguille en position perpendiculaire a 
la surface de la peau. 

28. Utilisation de la revendication 24, ou la micro-aiguille 
est contenue dans une matrice de micro-aiguilles. 

29. Utilisation de la revendication 28, oil la matrice com- 
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